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PCM CARRIER FOR RURAL TELEPHONE SYSTEl© 


PURPOSE: The purpose of this addendum is to provide interim 
recommendations concerning the application of PCM 
span line transfer systems in small exchange 
cables. A review of these potential problem areas 
might be helpful in solving some existing problems 
with PCM span line transfer systems. 

ADDITION: APPENDIX IV 

INTERIM RECOMMENDATIONS FOR PCM SPAN LINE DESIGN 

1. GENERAL 

1.1 PCM spare span switches provide a means of transferring traffic to 
another line when the span line carrying this traffic ;^ails. When 

properly selected and applied, they offer a means of increasing the reliabi- 
lity of T1 carrier systems. The purpose of this appendix is to outline some 
problems and considerations in the application of these systems. 

1.2 The material in this appendix refers to 1:N switches, where 1 spare 
line is used to protect N main or working lines. While 1;1 switches 

(1 main line and 1 spare), -which only s-witch at the end detecting faiilt, can 
overcome some of the problems encountered, their use is probably limited to 
routes where only one ultimate system is planned by economic considerations. 

2. APPLICATION CONSIDERATIONS AND POTENTIAL PROBLEM AREAS 

2,1 The s-wltching element in a spare span s-witching system may be either 
a relay or a seminconductor s-witch. If the switching element is a 
relay, there is a relatively long interval (5-50 milliseconds) during the 
switching process, -where the traffic signal is not applied to either the main 
or the spare lind. This is the interval during which the relay physically 
moves bet-ween contacts. If precautions are not taken, this can lead to 
failure to complete the transfer when applied to cables -which have poor 
near end crosstalk characteristics. The design of a relay type switch must 
include some pro-vision to have the spare line energized at all times so that 
the repeaters on the line -will remain stable. Semiconductor type switches, 
which exhibit very short s-witching times, are not subject to this problem. 



2.11 Early T1 repeaters required fixed LBO's to build-out the cable loss 
to about 32 dB, Currently, all manufacturers provide automatic line 

build-out (ALBO) in repeaters. These AIBO repeaters depend on the incoming 
pulses to maintain proper gain. An absence of incoming pulses may cause the 
repeater to provide full gain very quickly. If the repeaters are allowed to 
go to full gain, crosstalk from other systems may be sufficient to cause 
errors at the repeater output. This depends mainly on the near-end crosstalk 
loss of the pairs used and the maximum gain of the repeater. Some present 
repeaters have gains of 36 dB or more. If the repeaters go to full gain 
during the span switching process, the errors thus generated may cause the 
line receiving the transfer to look bad -- and the transfer to be inhibited. 
Depending on which pair combinations are bad, the system may fail to restore. 

2.12 This condition cannot arise with the faster, semiconductor type 
switches because during switching the driving signal is not removed 

for a sufficent time to allow the repeater gain to change. It cannot arise in 
1 for 1 systems which only switch at the end detecting fault because the 
driving signal is not removed from the line at all. In slower relay type 
switches, certain precautions must be taken in the design of the switch to 
avoid these problems. Several possible solutions are listed below. In 
selecting relay type switches, care should be taken to insure that one or 
more of these features are present. They are; 

1. Insuring that the time required to detect a fault condition 
(often called the Burst Protection Time) is longer than 
the duration of errors caused by the relay switching, 

2. Insuring that once a decision is made to transfer (or 
restore), the error detection circuitry on the line 
receiving the transfer (or restoral) is disabled for a 
interval long enough to allow transfer (or restoral) to 
proceed to conclusion irrespective of line condition. 

3. Electronically applying a substitute signal to the line 
during the time the relay is switching. 

Application of a relay switching system utilizing one of the above techniques 
shoiild result in satisfactory operation. 

2.13 The technique of short spacing repeaters is not effective when 
switching problems are caused by poor NEXT because, in the absence of 

an input signal, the repeater goes to full gain. Short spacing the repeaters 
limits repeater gain to the loss of the preceding section only when an input 
signal is present. 

2,2 The AT&T "T1 Outstate Automatic Protection Switching Requirements" is 
widely accepted, but there is no universal standard at this time. As 
a general statemenu, a span line transfer system by one manufacturer is not 
compatible with that of another manufacturer. Decisions or "commands" to 
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transfer to a spare span line or return to the main line vary somewhat. In 
some cases, pulses are removed to force the transfer. In others, error 
patterns or digital signals are utilized. 

2.3 In order to provide protection to span lines along a route which 

terminate in different offices, several configurations are possible: 

1. Terminal -to -terminal operation. In this configuration a 
distinct spare span line is required to each office where 
a system is terminated. This configuration requires the 
least switching equipment but the most span line equipment. 

(See Exhibit 1). 

2. Sectional or span switching operation. This configuration 
utilizes 1 spare line and switching equipment at all 
intermediate offices. If the main span line fails between 
2 offices, the traffic on this system is transferred to the 
spare line only between these 2 offices. The remainder of 
the spare line at other points along the route is still 
available to protect against failures in other systems or 
other fail-ures of the same system. (See Exhibit 2). 

Generally, to be used in this type of application, a switch 
must remove errors generated in one section before the 
signal is allowed to pass to an adjacent section. This is 
done so that a fault in one section does not cause transfer 
in other sections. Further, the switch must insert a sub- 
stitute signal (usually called a keep alive signal) in the 
event of channel bank failure so that this condition does 
not cause transfer to the spare. 

3. Since span or sectional switching requires a large amount 
of span switching equipment, some manufacturers offer a 
system which utilizes only one spare while still incorpor- 
ating switch units at the channel bank locations only. 

(See Exhibit 3). Termed quasi- sectional or quasi-span 
switching, this system has several unique featvires: 

a. Only one system at a time can transfer. 

b. More than 1 spare line is needed on routes that 
branch . 

c. Priority may not be freely assignable between the 
systems. 

These units allow for cost savings while providing a somewhat lower level of 
protection. 
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2.4 older repeaters ■which, do not contain automatic LBO's may go into 
oscillation when no signal is applied. In this mode, the output pulses 

are longer than those fo'und in a normal T1 signal. If these repeaters are in 
use, care should be taken to insure that the span switch used will detect these 
long pulses and transfer. 

2.5 In determining ■whether or not a span line is in a fault condition, the 
s^witching system compares the number of errors occirrring on a line in 

a gi^ven time with a predetermined threshold. If this threshold is exceeded, 
the line is determined to be in fault and transfer to the spare is initiated. 

On some s^witching systems this threshold is variable, on others it is fixed. 

In specifying a switching system, consideration sho^d be given to the type of 
traffic the span lines ■will be carrying. 'While 10-4 (1 error in 10,000 pulses) 
is sufficient for voice circuits, 10-5, 10“°, or 10-7 may be required where 
data transmission is required. 

2.6 The various span switching systems vary greatly in their philosophy on 
automatic restoral (automatically returning traffic from the spare to 

its main line, if that line becomes good). 

2.61 Some switches do not pro'vide this restoral feature. Maintenance 
personnel must restore the line, manually. Some switches can be manually 

restored from a remote location. In selecting a transfer switch, the Incon- 
■venience and cost of manually restoring a system must be weighed against the 
added cost of an automatic restoral system. In manual restoral systems, if a 
second line fails before the first failed line is restored, a ser^vice outage 
■will result, even thou^ there may be enough good lines to carry all the 
traffic. 'While the probability of simultaneous, unrelated equipment failures 
is very small, simultaneous failures may result from lightning or the activity 
of workmen. Further, these failures may be of an intermittent nature that 
makes automatic restoral more attractive. 

2.62 Another factor to be considered is the time required to determine a 
made good condition prior to automatic restoral. Here also, there are 

two philosophies; (l) Restore as quickly as is practical to free ■the spare 
line for subsequent failure; and (2) Require the line to be good for a longer 
time prior to reset to insure that the line is good. In cases where high 
rates of simultaneous failure are suspected, consideration should be given to 
faster restoring s^witches, 

2.7 Some spare span s^witches are offered without priority systems in their 
standard form. Priority may be included as an option. In order to 

prevent unintended cross connections between channel banks, it is recommended 
that all s^witch installations have a priority arrangement. 

3,1 Often two telephone companies are invol^ved in T carrier applications. 

Any recommendations on span line transfer systems must necessarily 
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consider that mutually acceptable agreements must be made with the connectirig 
company. While connecting company requirements may be very specific in some 
applications, standardization on one type of system for the entire industry 
has not been accomplished. Tlrius, universal end-to-end compatibility is not 
now practical. Lacking this, interim recommendations are offered including 
some alternatives . 

1.2 Outside Plant: Since many of the potential span transfer problems 
involve TEXT, outside plant is the first consideration. If new cable 

is planned, use only filled cable to maintain long term stability of cable 
parameters. Screen type cable should be specified if the cable layup does 
not contain nonadjacent units. (See Exhibit 4 ). Screen type cable may not 
be more economical than the added short spaced repeaters in many applications 
but the improvement in NEXT could significantly improve the overall system 
operation. Separate cables or screen type cables offer the ultimate in NEXT 
between directions- to achieve maximum repeater spacing. If the two-cable 
operation is chosen, repeaters should still be -vd-red for bi-directional 
operation. The use of unidirectional repeaters requires two spare lines to 
maintain service. 

3,21 Select cable pairs for maximum NEXT isolation between transmit and 

receive pairs. Where possible these should be located in nonadjacent 
imits or at least separate units. For cables with no separate units (small 
cables of layer type construction) xdLthin the core, determine the cable layup 
(This information is available from the cable manufacturer.) Pairs should^ be 
selected to maximize the physical separation between the transmit and receive 
pairs. Adjacent pairs with nearly equal twist lengths can have especially 
poor NEXT, 

3.3 Span Transfer Systems: First of all, make sure that a span line 
transfer system is required. Weigh the alternatives and their costs, 

3.31 For a one PCM trunk carrier system, consider adding a second terminal 
(shelf and common equipment) instead of a span line transfer system. 

Divide the traffic between systems to maintain partial service during 
equipment failure periods. This, of course, would have to be discussed with 
the connecting company. 

3.32 For two or more trunk systems, consider manual patching to the spare 
span line to restore service. 

3.33 If automatic span line transfer is considered essential, consider the 
features of the proposed switch and the cable condition together in 

specifying the switch. If cable conditions are less than ideal, high speed 
switching or slower switches utilizing some techniques of paragraph 2.12 are 
indicated. Consider whether manual, remote or automatic restoral is appro- 
priate based on office location and cost considerations. 
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3-34 The manufacturer making the best pr^:)posal on terminal or span line 

equipment may not manufacture an appropriate span line transfer system. 
Therefore, it is recommended that span transfer system quotations be separated 
from other quotations. Review and understand the manufacturers' proposals 
before making a selection. There may be minor conflicts in the area of 
interface; before making the final decisions, discuss the proposed types of 
interface equipment id.th each proposed manufactuer. Obtain written assurances 
on the overall application from each manufacturer, including any special- 
interface considerations , 

3.4 Specification Guidelines ; Refer to Exhibit 5 for guidelines in 
specifying span line transfer parameters. Exhibit 5 is only a partial 

list of desired span line transfer characteristics aimed specifically at 
reducing potential application problems. Add to this list additional items as 
necessary, 

3.5 PCM Subscriber Carrier ; The preceding recommendations are aimed 
primarily at PCM trunk carrier systems. Existing small size cables of 

questionable electrical parameters are even more likely to be proposed for PCM 
subscriber carrier applications. The considerations affecting subscriber 
circuit outage are slightly different from trunk circuit considerations. 

Weigh the alternatives based on individual system needs. Factors in this 
decision include how large a geographic area is affected and how quickly the 
telephone company can respond to system alarms. Because of potential moisture 
problems with existing air core cables, PCM subscriber carrier should generally 
be limited to filled cable applications using screen type cables. 
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Terminal-to-Terminal Switching System 



EXHIBIT 2 



Switch xmits are required on all epan lines in all offices. A thru span line 
requires back-to-back switch \inits. 




EXHIBIT 3 

Quasi -Span Switching System 



Switch units required only at channel banks. Only 1 spare line is used. Only 
1 main line can transfer at a time. 




EXEIBIT k 



All xmits axe adjacent. 'Screen tsrpe cable should be used in 
preference to this cable. 



Units A and B are nonadjacent. This cable configuration generally 
has hi gb ex crosstalk isolation between A and B. Screen cable is 
not essential unless number of anticipated systems is greater than 
the nxmber of pairs in one outer xxnits. For larger cables, 
install screen if the nvunber of pairs reqxiired is greater than 
those available in non-adjacent units. 



EXHIBIT 5 


Specification Guidelines for 
Span Transfer Systems 


WOTE: The following are some minimum suggested guidelines for specifying 
span line transfer systems. This list is not complete, hut can 
aid in reducing potential application problems. This list may be 
added to Form 397b or 397c when span switches are specified. 


1. lETERFACE ; Standard T1 PCM at all ports. (3V peak, bipolar, 1.5^4 Mbs, 

100 ohms, balanced. ) 

2. ULTIMATE CAPACITY : 

EJ 1 for 1 protection, only one direction of transmission 
is switched. 

EJ 1 for N protection, N = 

3 * EERORS ; Switch must monitor: 

EJ Bipolar violations and loss of signal 
EJ Long pulses, bipolar violations and loss of signal 

4. ERROR RATES : Switches must be capable of any of the following thresholds: 

-4 


EJ 

EJ 

EJ 

EJ 


10 - 
10 “ 5 


10 


-6 


10 


-7 


5. BURST PROTECTION : Must not transfer on 5 ms burst of errors 

EJ Fixed EJ Strapable 

6. SWITCHIEG TIME ; 

EJ Switching time of less than 100 microseconds is required. 

(Recommended for small cables with poor MEXT characteristics. 



EXHIB-lT ^ - (Continued) 


7 . 


U 

ro 

EEEOR 


Slower relay t;;,'pe switches are acceptable. 

Other. Specifi^: 

REMOVAL: 


8 . 


O 

nj 


AUTOIIATIC 


Terminal -to -Terminal Operation. 

Sectional Operation. 

(Error removal and keep alive signals are required. ) 
Quasi -Sectional Operation. 

RESTORAL-: 


9 - 


/Z7 

o 


Automatic restoral is required. 

Automatic restoral is not required. 

It shall be possible to alter the established priority without 
extensive re^^dring. 


Method of priority alteration: (jackfield^ switches^ etc.) 


10. SFAII SIGIIAL COIDITIOH: 


O 


The main and spare line shall have pulses applied at all 
times (except during smtching) i rrespective of terminal 
condition. 


nj 


Absence of pulses on the line during smtching should not 
exceed 100 microseconds. 


L. ALAEiV^ AMD STATUS : 

Systems must provide relay closure for office alarms in event of 
/ / Transfer / / Failure to transfer 

Other Requirements: 



EXHIBIT ^ - (Continued) 

12. REMOTE LOOPING 

/ / Transfer equipment provides remote looping of an 

interrogation signal. 


/ 


/ 


Remote looping is not required. 
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GENERAL 

1 This section provides a survey and some Application Engineering 
Considerations for Pulse Code Modulation, PCM, carrier equipment 

liable for use in rural telephone syst^s for trunk and subscriber 
vice. PCM carrier equipment has decreased in cost over the past five 
rs to the point that all telephone companies should consider its use 
never an expansion of trunk or subscriber facilities is required. 

2 REA Forms 397b and 397c which are plans and specifications documents 
for trunk and subscriber carrier systems, respectively, should be 

d for the purchase of PCM carrier equipment. REA TE&CM 903, "Applica- 
n Guide for Subscriber Carrier Specifications," REA Form 397c and 
CM 904, "Application Guide for Trunk Carrier Specifications," REA Form 
b are available for assistance in using these forms. 

3 Equipment Specifications for PCM Trunk Carrier Equipment are found 
in RIA's PE-60 Specification which is distributed with REA Bulletin 

-50. Equipment Specifications for PGM Subscriber Carrier are found in 
*8 PE-64 Specification which is distributed with REA Bulletin 345-66. 
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2. EQUIPMENT CHARACTERISTICS 

2.1 The purpose of a telephone carrier system is to combine several 
telephone channels for transmission over a single transmission 
path. PGM carrier is a time division carrier system where time is 
divided into slots and a channel is assigned to each slot. The terminal 
equipment is the multiplexing apparatus which scans the input signals in 
rotation. In a 24 channel PGM carrier system, for example, the trans- 
mitter samples the telephone channel voice frequency amplitude and sig- 
naling state of each of the 24 channels sequentially, multiplexes the 
information on a time division basis and encodes the samples into a 
coded pulse train for transmission over the repeatered line. The 
receiver reconstructs the original amplitudes to ^ very close approxima- 
tion, demultiplexes then together with the proper signaling states and 
distributes them to the corresponding channels- As indicated, all PCM 
carrier systems have a built in signaling system for trunk and subscriber 
signaling requirements. 


2.2 The facility connecting two PCM terminals is called the span line 
for wire line PCM carrier systems. It consists of span terminating 
equipment and outside plant equipment which includes line repeaters and 
repeater housings. Power supply equipment for powering the outside 
mounted repeaters is located with the span terminating equipment, usually 
in a central office location. The repeaters which are located at periodic 
intervals along the wire line path regenerate the pulse stream. As indica- 
ted above, the coded Information is transmitted by the presence or absence 
of pulses in specific time slots, therefore, the absence of a pulse is 
equally as in^iortant as the presence of one. The repeater, therefore, 
regenerates the pulses and preserves pulse blaiiks that appear at the 
input to the repeater. An inherent advantage of this type of repeater is 
that noise interference is not continually amplified at each repeater 
since the repeater regenerates a new pulse stream which is Identical to 
the one transmitted by the terminal. 


2.3 Most of the PCM carrier systems discussed in this survey are 

designed to be applied over telephone cable plant commonly found 
in service. In recent years, new cables have been designed especially 
for PCM carrier equipment. These cables segregate the pairs within a 
cable into two shielded con5)artment8 , thus completely separating the 
’'tranmnit'' and "receive** pairs. 


2.4 PGM carrier can be applied to microwave radio. It may be trans- 
mitted over angular modulated microwave radio using a digital to 
^log multiplier or it can modulate the radio using digital modulation 
techniques without the intervening multiplexer. 

3. TYPES OF PCM CARRIER SYSTEMS 


3.1 


£1 . 24 Chan nel,, PCM Carrier System - The 24 channel Tl system is 
the most commonly used system today. It multiplexes 24 voice 
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channels at the terminal for transmission over regular cable plant® 

Since the system is designed to provide high quality voice frequency 
channels (300 to 3400 Hz) , each channel must be sampled 8000 times 
a second® Each voice sample is encoded into a 7 or 8 bit code (depen- 
ding on the terminal bank designation) • Signaling information is added 
as an 8th bit, or else substituted for the 8th bit in some frames® After 
all channels are sampled, a synchronizing bit is added, thus each frame 
consists of 193 bits of information (24 channels X 8 bits + 1 framing 
bit)® The bit rate thus is 8000 samples X 193 bits = 1,544,000 bits per 
second® The span line facilities, therefore, have to be able to regen- 
erate a 1®544 megabit stream of pulses. Two cable pairs are required 
for each T1 carrier span line, one for each direction of transmission. 

The 24 channel T1 carrier system transmits bipolar pulses into the 
cable pairs, that is, succeeding pulses in the bit stream are of oppo- 
site polarity (of course, there may be blanks between the pulses). 

This basic system is used for both trunk and subscriber carrier systems. 
Figure 1 displays the pulse format for a T1 24 channel system® 

3.2 T1 36 channel FCM Carrier Systems - A more recent carrier system 

multiplexes 36 voice channels at the terminal for transmission 
over two cable pairs using span facilities almost identical to those of 
the 24 channel system. The output of the terminal into the span is a 
ternary signal at a bit rate of 1.542 megabits. This span line bit rate 
is almost the same as the 1.544 megabit rate mentioned above and the 
regenerative repeaters used for a 36 channel system can also be used 
for 24 channel systems. A 24 channel PCM T1 repeater cannot, however, 
be used for a 36 channel carrier system. Nevertheless, because of the 
similarity of the span line bit stream and span line equipment , this 
36 channel system is generally considered a T1 system® 

In this system 36 channels are sampled in rotation and each sample 
is encoded into a 7 bit code (excluding signaling) which totals 252 bits 
of information (36 channels X 7 bits). After the 36th channel, a 37th 
channel using 5 bits is added to the frame for a total of 257 bits per 
frame. This 37th channel of 5 bits is used for synchronization of frames 
plus signaling functions on a time shared basis. Since each channel is 
sampled 8000 times a second (just as the 24 channel system) the total 
length of the bit stream is 2,056,000 bits/second (257 bits/frame X 8000 
frames/ second) . 

A code conversion now takes place in order to reduce the bit stream 
to 1.542 megabits/ second for transmission over T1 span line facilities® 
This is done by feeding the 2.056 megabit stream into a 4/3 code converter 
The bit stream is divided in groups of four bits and for each four bits 
a three bit signal (ternary coded output) actually goes out on the span 
line. The signal on the span line is' not a strict bipolar signal as it 
is on the 24 channel system. There may now be consecutive positive or 
negative pulses. The bit stream is compatible with 24 channel bit streams 
on other pairs in a cable. In spite of the fact that the ternary signal 
on the cable pair has more power at station carrier frequencies (around 
112 kHz) than the bipolar signal of 24 channel systems, the bit stream 
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is still pretty much compatible with station carrier equipment on other 
pairs in a cable. This basic system is used for subscriber carrier 
systems. Figure 2 is a display of the 36 channel pulse format and 4/3 
encoder. 


3.3 T2 Carrier System - The T2 is a digital transmission system 
designed to provide service economically over distances up to 
500 miles. It is the second level of a developing hierarchy of digital 
transmission systems for the nationwide network. The first level being 
the T1 system described above. 


The T2 has four times the capacity of the Tl, 6.312 megabits/ 
second. A T2 multiplex terminal, M12, combines the outputs of four 
Tl systems into the 6.312 megabit/ second digital stream. The T2 can 
transmit over wire pairs in twisted pair cables, coaxial cables or 
microwave radio. Since the telephone cables generally in use today 
(average .083 (iF/mile mutual capacitance of the wire pairs) have a very 
high attenuation and poor crosstalk properties at 6.312 megabits/second 
a cable especially designed for the T2 system is available. This cable 
contains wire pairs with a mutual capacitance of .039 jiF/mile which 
results in the attenuation being about one-half of .083 p-F/mile cables. 
Therefore, fewer repeaters are required. 

4. CHANNEL TERMINAL BANKS FOR Tl CARRIER SYSTEMS 


The D1 Chann el Bank - The D1 channel bank provides for 24 trunk 
channels. Twenty-four channels are sampled in rotation and each 
channel sample is encoded into a 7 bit binary code. This code provides 
for up to 128 (2 0 different amplitude levels to which each sample can 
be encoded. Timing considerations preclude the use of code "0000000" 
so actually only 127 levels are used. An eighth bit added to the 7 bit 
code is used for signaling. Refer to Figure 1. The D1 channel bank is 
considered the first generation PCM carrier terminal. 


PIP Channel Bank - An existing D1 channel bank can be upgraded 
to match a D3 channel bank at the other end by replacing certain 
n.t«ork cards and still retain some of the M parts including 
Wired bays. The modified D1 then becomes the DID channel bank. It is 

writing there will be much demand for DID channel 

banics in the REA Program. 

D2 Channel Bank - The D2 channel bank also provides for 24 
rhflnn ^ Twenty-four channels are sampled in rotation and each 

for up to 256 (2 ) different amplitude levels to which each sample can 
be encoded. Timing considerations preclude the use of code "00000000" 
so actually only 255 levels are used. The signaling state of each channel 
is transmitted every sixth frame when the eighth (least significant) bit 

this format , the number of levels that are available for encoding is ® 
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double that of the D1 channel bank and the voice quality is improved® 

The D2 channel bank is considered the second generation PCM carrier 
terminal and will be used in the future for intertoll and PGM 
switching ® 

4®3 The D3 Channel Bank - The D3 channel bank provides for 24 channels 
and is identical in operation to the D2 channel bank described in 
Paragraph 4®2® There is one basic difference between the D2 and D3® The 
channel unit time slot assignments for the 24 channels in the D3 are 
changed from the assignments for the D2® To clarify the channel unit- 
time slot assignments of the Dl, D2 and D3 channel banks the following 
is the channel assignments of the three banks® 


I Slots 

Dl 

SL 

M 

1 

1 

12 

1 

2 

13 

13 

2 

3 

2 

1 

3 

4 

14 

17 

4 

5 

3 

5 

5 

6 

15 

21 

6 

7 

4 

9 

7 

8 

16 

15 

8 

9 

5 

3 

9 

10 

17 

19 

10 

11 

6 

7 

11 

12 

18 

23 

12 

13 

7 

11 

13 

14 

19 

14 

14 

15 

8 

2 

15 

16 

20 

18 

16 

17 

9 

6 

17 

18 

21 

22 

18 

19 

10 

10 

19 

20 

22 

16 

20 

21 

11 

4 

21 

22 

23 

20 

22 

23 

12 

8 

23 

24 

24 

24 

24 


Depending on the manufacturer’s approach to building the D3 , there may 
be changes in the alarms and the physical size of the terminals® To 
make a D2 terminal compatible on an end to end basis with a D3 terminal 
it is necessary to provide a change in the wiring of the channel 
banks which is accomplished by providing another terminal cabinet or 
an adapter cable or a programmer connector to provide for the differ- 
ent channel assignment. All manufacturers’ D2 alarm systems are com- 
patible with D3 either by design or optional wiring changes. It is 
necessary 9 therefore, on an interconnect arrangement of carrier 
facilities with a connecting company that there be agreement on the 
type of channel bank terminals to be used. 
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e¥eiit all 12 frequencies are used in the repeater span before specifying 
additional interrogation pair, etc®, the office repeater would not have 
to be interrogated because in the event of a failure, interrogation of 
the adjacent repeater would refer to the suspected office repeater if 
it were defective® In fact, it is not mandatory to interrogate every 
repeater location as every other repeater could be interrogated; then 
one set of 12 frequencies could cover 24 repeaters equipped for inter- 
rogation® The system would still be helpful by being able to pinpoint 
trouble to within two repeater locations , then a portable error detector 
can be used to determine the performance of the repeater at the housing® 
The method is useful where cable pairs are at a premium on long systems 
requiring several interrogation pairs. 
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5. PCM SUBSCRIBER CARRIER SYSTEMS 

5.1 Various subscriber carrier systems are available which are similar 
to the trunk carrier systems described in Paragraph 4. Systems 

providing 24, 36 or 96 subscriber circuits between a central office and 
a remote location are available. The span line equipment is identical 
for both trunk and subscriber systems (except for the 36 channel system 
as covered in Paragraph 3.2). 

5.2 The subscriber terminal is designed to be placed inside a pole or 
pedestal mounted cabinet to which subscriber lines are connected 

for transmission back to the central office terminal over two cable 
pairs via a T1 span line. On high density applications, several sub- 
scriber terminals, together with protection, batteries and power supplies 
can be mounted inside a small building to accommodate many subscriber 
lines. When installed in a weatherproof cabinet the subscriber terminal 
requires ac power, 120 Vac to operate. Battery standby power is avail- 
able in the event of an ac power failure. The central office terminal 
and office repeater of those subscriber systems are powered from the 
central office battery. The field mounted repeaters of the span line 
are usually powered from the central office and subscriber terminal 
locations. 

5.3 The voice frequency drop limitation from the subscriber terminal 
is 1200 to 1500 ohms (depending on the manufacturer's recommenda- 
tion) excluding the telephone set. It is recommended that the voice 
frequency extensions be designed so that the 1 kHz loss value of 8 dB 
mn virmim plus the Central office loss is not exceeded to the furthermost 
subscriber location. The net loss of the carrier system is usually 2 dB 
leaving 6 dB for the voice frequency drop. Reference should be made to 
TE&CM Section 424 for more information on transmission losses of subscriber 
circuits. 

5.4 PCM carrier systems can provide all the necessary signaling 
requirements for subscriber lines - ringing, on and off hook 

supervision and rotary or pushbutton dialing. Depend5.ng on the manu- 
facturer's options, single-party, multiparty, paystation and PABX 
service can be offered. Rotary or pushbutton dialing from the telephone 
set will pass through the carrier system. On multiparty service all 
these systems can accommodate circle digit subscriber identification. 

Some manufacturers can provide two-party identification (aNI) with 
divided ringing or bridged frequency selective ringing. 

5.5 Depending on the manufacturer's options, various types of service 
alarms are available (in addition to the carrier poup alarm for 

system failures) such as ac power failure at the subscriber terminal, 
subscriber cabinet door open, power supply failure, etc. Also many 
Innovations are becoming available with respect to providing automatic 
checks and alarm indications of individual channels and remote testing 
of the voice frequency drop at the subscriber terminal. 

5.6 There is another type of PGM subscriber line carrier equipment 
which combines a 24 channel PCM carrier system with switcljing 
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techniques to provide 96 to 112 subscriber lines at a remote location 
from the central office. With this equipment, the subscriber lines are 
connected to one of the 24 trunks on demand. The span line is made up 
of a standard T1 line using two cable pairs. The 24 channel PCM carrier 
system is combined with the switching equipment as one unit of equipment 
at the central office and at the subscriber location in the field. In 
order to increase the traffic handling capacity of this system, intra- 
system calls are set up with a link in the remote terminal. If such 
links are not provided, a "local” call would tie up two trunks back to 
the’central office. No trunks are needed once the intrasystem call is 
set up. For equipment of this type, the span line termination, repeaters, 
power feed equipment is identical to that discussed in Paragraph 7 *"5 • 

The field terminal is connected to subscriber lines that can be' extended 
to about 1200 ohms excluding the telephone set. The field terminal 
requires local ac power and is equipped with battery standby in the event 
of failure of the ac power line. 

5.61 Subscriber line equipment is available which performs the same 
functions as that described in 5.6 except that physical, PCM 
carrier or frequency division modulated trunks can be used. Equipment 
of this type, whether carrier or physical trunks are used back to the 
central office, has been labeled "Electronic Subscriber Line Systems." 

6. SOME TERMINAL EQUIPMENT ENGINEERING CONSIDERATIONS 

6.1 The terminal equipment installed in a central office (or in a 
cabinet for subscriber systems) contains the individual channel 

units (with required signaling and voice frequency terminations) and 
the common equipment for the systems - encoder (transmitter) , decoder 
(receiver), power -supply, alarms, terminal checkout systems, etc. For 
the procurement of terminal equipment, REA provides Form 39 7b, "Design 
Specifications for Wire Line Trunk Carrier Systems," and Form 397c, 

"Design Specifications for Subscriber Carrier Systems." If these guide- 
line forms are properly used, the resulting plans and specifications for 
the system application should provide the necessary information to deter- 
mine terminal equipment requirements for the intended application. 

Various miscellaneous items relating to terminal equipment are discussed 
here for additional information* 

6.2 As previously discussed in Paragraphs 3.1 and 3.2, the 7 or 8 bit 
word contains the signaling state of each individual channel. 

For the application of a PCM carrier system from an unattended Class 5 
central office to a Class 4 toll center, the built in signaling of the 
PCM carrier system should be used. It is unnecessary in most applica- 
tions to use inband (2600 Hz) signaling systems over the PCM carrier 
for this application. Trunk carrier systems are available with all 
standard signaling and voice frequency teminatidn options such as : 
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E 6 cM signaling, 4 wire 
E&M signaling, 2 wire 
One way loop dial, originating 
One way loop dial , terminating 
Foreign exchange, central office 
Foreign exchange, subscriber 

PCM carrier system channel units for 2W E£«M signaling come equipped with 
built in voice frequency hybrids complete with A6tB leads • Therefore, 
there is no need to specify 4 wire channel units and external four wire 
term sets to be used with PCM carrier systems except for special appli- 
cations • 

6®21 In the D1 channel bank terminal, two possible separate signaling 
paths for each channel (in one direction of transmission) are 
possible through a PCM carrier system. Loop dial and E6«tM signaling only 
require one path. Other more complex signaling systems such as for 
foreign exchange signaling require two signaling paths simultaneously. 
Two schemes which accomplish this in D1 PCM carrier systems are called 
the DlA and DIB. 

In the BlA, one bit of the eight bit word is set aside for 
signaling. The DlA arrangement borrows a second bit (the least sig- 
nificant one) to provide the second signaling path. The arrangement 
is generally satisfactory, however, in calls to an operator (where no 
charge is made for a call and no reverse battery supervision is sent 
back over the channel) there is some degradation to the quality of the 
voice transmission. 

In the DIB, the signaling bit of the eight bit code in the first 
frame provides the first signaling path. The signaling bit of the 
second frame provides the second signaling path. The third and fourth 
frame signaling bits are Inhibited. The process repeats every four 
frames. Thus, the type of signaling required, DlA or D1B> should be 
specified. 

6.22 In the D2 channel bank terminal, two signaling paths are provided 
by having the signaling bit in every other sixth frame carry the 
information for one path while the same bit in alternate sixth frames 
carry the other signaling path. In the application of D2 it is unneces- 
sary to specify the method of signaling. 

7. SOME SPAN LINE EQUIPMENT ENGINEERING CONSIDERATIONS 

7.1 The concept of the span line is to provide a transmission facility 
two points for a high speed digital bit stream. Connected 
to this facility could be a trunk carrier system such as D1 type or D2 
type terminal, subscriber line system, data system, etc. As a result 
the span terminating equipment mounted in a central office is considered 
separate from the channel bank equipment. The access arrangement for 
the span lines and terminals is such that any terminal may be patched to 
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any line* This allows a high degree of flexibility possible for quick 
rearrangement of equipment* The span line equipment may consist of: 

Regenerative repeaters installed in the outside plant 

Office mounted regenerative repeaters 

PCM span line patch panel 

Power supply for regenerative repeaters 

Spare span line (which includes all of the above equipment) 

Automatic switchover equipment for main and spare span line 
Interrogation system for regenerative repeaters 
Span line looping equipment 
Order wire termination 

7.11 The regenerative repeaters are mounted in the outside plant in 
especially built repeater housings* The repeaters are powered 

from the central office span line power supply, from an intermediate 
point, or a subscriber terminal location* 

7.12 Electrical protection of carrier equipment is covered in general 
in TE6cGM 822, '^Electrical Protection of Carrier Equipment,** 

however, for PCM carrier an additional precaution is required. First, 
in order to reduce system down time, gas tube arresters are recommended 
for all protectors in the span line and at the main frame at the office* 

It is in^erative that the holdover time of the gas tubes be as short as 
possible* This is usually controlled to some extent by the dc current 
flowing out of the repeater feed power supply during a short to ground 
condition i^dien the gas tube or tubes are operated* In specifying the 
t 3 rpe of gas tube, its holdover characteristics should coordinate with 
the maximum amount of current that could flow from the repeater feed 
supply during a short condition. Gas tubes on the REA List of Materials 
have satisfactory holdover characteristics if the current is limited to 
around 200 mA during gas tube operation. If gas tubes holdover for an 
extended period of time the interruption to the PCM bit stream may 
cause a carrier system alarm. The Carrier Group Alarm sequence will 
disconnect all the circuits even though the system automatically restores at 
a later time. 

7.13 PCM carrier repeaters can be protected by the **by-pass’* arrange* 
ment of protectors where the protectors are not connected to 

earth ground at the repeater location (the repeater housing exposed to 
the public must be grounded to prevent personal shock hazard). TE&CM 822, 
"Electrical Protection of Carrier Equipment,’* explains this practice. 

In general, it should be left to the carrier manufacturer to recommend 
the protection practice to follow, however, if the telephone company 
experiences an unusual amount of carrier repeater failures due to 
lightning, power supply faults, etc*, it should consider the ’’by-pass** 
arrangOTent* It is an REA requirement that all repeater housings have 
the capability of **by-pass** protection. 

7.14 In spare span lines, the repeaters are actually powered and 
operating with a hit stream provided by another operating system 
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or a self -excited line driver* Thus, if the spare line develops a mal- 
function, it will go into an alarm condition indicating the need for 
servicing* This prevents patching to a non-functioning line in the event 
an operating system goes into alarm. 

7.15 Most repeaters used today contain automatic equalization making 
it unnecessary to fit each repeater with line buildout networks, 

LBO’s® The repeaters automatically regulate for line loss from 9 dB to 
about 35 dB at 772 kHz. Repeater spacing guidelines are outlined in 
Paragraph 8 of this TE6cCM. 

7.16 Power supply equipment is usually included as part of the span 
line terminating equipment. The repeaters are powered from the 

central office with various voltage combinations (depending on the length 
of the system) to provide from 60 mA to 140 mA (different values among 
manufacturers) • Power is dc simplexed over one cable pair and looped 
back at a distant repeater point on the other cable pair of the span 
line. Usual voltage combinations are -50, -130, +130 volts dc which is 
derived from the -50 volts dc central office battery by a dc-dc converter. 
All power supply feeds should be current limited (both + and - power 
supplies) for proper operation of gas tube arrestors to minimize holdover 
delay after the tube fires. 

7.2 Repeater housings can constitute a large investment as all sizes 
and types are available. Careful consideration should be given as 

to the ultimate number of span lines to be provided, including spare 
span lines. In general, it is recommended that at '^ast one spare span 
line be installed along a route, even if there is oui.y one operating 
system. If a working spare span line is available, it would not normally 
be necessary to shut down a system in order to maintain the repeaters. 

7.3 Both pressurized and non -pressurized repeater housings are avail- 
able from manufacturers. Obviously, if pressure is maintained in 

the cables, pressure should be maintained in the repeater housings. In 
most REA financed systems, however, pressure is not used. It is not 
recommended that a pressurized repeater housing be used without pressure. 
Unless the housing is vented, water will build up inside the housing due 
to condensation from the air and cyclic temperatures. 

7.4 Mounted inside each repeater housing are one or more interrogation 
filters (and associated amplifiers) which are part of the interro- 
gation system for determining location of faulty repeaters from the central 
office terminal. Refer to Appendix I for some considerations in laying out 
the interrogation system. 

7.5 Automatic switchover equipment is usually included as part of the 
span line terminating equipment. The system will automatically 

switch the PGM terminal from a faulty span line to the spare span line 
^thout dropping the system. This will occur before the teminal alarm 
operates and the only alarm given is that of a span line failure. 
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7.6 Span line looping equipment is usually included as part of the span 
line terminating equipment. This is also part of the interrogation 

system. With it a span line is looped back at the distant office when the 
line is being interrogated. Thus, both directions of all repeaters may 
be interrogated from one office. Refer to Appendix I for considerations 
in specifying span line looping equipment. 

7.7 In developing plans for the application of PCM carrier systems along 
a route, consideration should be taken of the total number of cable 

pairs required in the span line for all the requirements that could be 
specified. 

2 pairs per PGM carrier system 
2 pairs for spare span line 

1-2 pairs or more for interrogation systems , depending on 
application (see Appendix I) 

1 order wire pair 

For the first system, as many as six or seven pairs may actually be 
required. Of course, for each additional system only two pairs are 
required per system since the spare line pairs, interrogation pairs and 
order wire pairs serve all systems normally required in rural system 
applications. 


Measures can be taken to reduce the ntimber of pairs required such 
as using the order wire pair as the interrogation pair also. (This can 
be done by a special jack access arrangement. This may be stated as a 
requirement in the plans and specifications.) Also it is unnecessary 
on long system applications to interrogate all repeater locations. 

Every second or third repeater could be interrogated and in such a 
manner reduce the need for additional Interrogation pairs. Also, polarity 
sensitive interrogation filters can be specified to reduce the number of 

Appendix I. In making any cost computation 
or comparisons, the cost of the total number of cable pairs required, 

especially on one system applications, should be carefully considered. 

8. REPEATER SPACING GUIDELINES 

8.1 PCM carrier is designed to operate on conventional cable pairs in 
rhi P ^^™only found in a telephone exchange. In the REA Program 

iniul^rr (xF/mile average mutual capacitance, plLtic 

cable pairs of 22 and 24 gauge. Very rarely is 19 gauge cable 

kHz. ’ possess satisfactory transmission characteristics at 772 

end cr!Ltalk^L“^''f”T repeaters (that is, to eliminate near 

. , * factor xn determining maximum spacing) two cables can 

be ueed, one for each direction of trenen,Uel„n. Sr. .^ol”i; 
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cables which are constructed with two shielded compartments can be used 
to attain maximum repeater spacing. Many applications of PCM carrier, 
however, are on existing plant for operation of the carrier repeaters in 
one cable sheath. 

8.2 The following is a simplified procedure for calculating repeater 
spacings : 

8.21 For one cable operation determine near end crosstalk loss, (m-s 
value) for each different type of cable in the route. See Figure 3. 

Appendix II discusses the near end crosstalk characteristics of cables as 
expressed in Figure 3. 

8.22 Determine the maximum repeater section loss for each value of m-s 
from Figure 4. Figure 4 accounts for the total number of systems 

to operate in one cable which affects the repeater spacing; the more 
systems in one cable, the shorter the repeater spacing. Therefore, it is 
necessary to carefully estimate the total number of systems which will 
operate in the one cable. 

8.23 Calculate the corresponding repeater sgacing from Figure 5 which 
gives the cable transmission loss at 55 F, 100 F and 140 F for 

polyethylene insulated cables. For buried cable applications use the ^ 
values at lOO^F. For aerial cable applications, use the values at 140 F. 

8.24 Where several sizes and gauges of cable are encountered in any one 
repeater section, the lowest near-end crosstalk loss (m-s) value 

in that repeater section controls the section length. 

8.25 Sections next to an exchange central office should have a loss of 
no greater than 23 dB to minimize interference from impulse noise 

generated in switching equipment. Likewise this section should be no less 
than 9 dB . 

8.26 In actual practice most of the effort in laying out a span line 
should be directed at placing repeaters at locations which are 

accessible for maintenance, at load points, at existing pedestals and 
manholes, etc. 

8.27 If two cables, or special compartment type cable is used, repeaters 
can be spaced to the maximum capability of the repeater without 

regard to near-end crosstalk limitation. The maximum section loss for 
repeaters is 33.5 dB. Compute the spacing using cable attenuation data 
at lOO^F for buried cable and 140 F for aerial cable. The central 
office end sections should be no greater than 23 dB or less than 9 dB 
where other pairs in the same cable are used for voice frequency physical 
circuits. On dedicated cables for PCM carrier, the central office equip- 
ment end section can be a full section. 
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8«28 Figure 6 is an example of repeater spacing computations for three 
systems operating over a span line 10 miles long using existing 
buried cable plans consisting of a 25 pair, 22-gauge PIC cable « 

8 *3 An improvement in the near-end coupling losses of paired cables has 
been achieved by the use of a special shielding which divides the 
cable pairs within a cable into two compartments • 

Figure 7 describes the configuration of this type cable. As stated 
in Paragraph 8*27, it is unnecessary to space the repeaters closer together 
to compensate for the near-end coupling loss as is done in one cable 
operation® Appendix III discusses the near-end crosstalk improvements 
of this type cable. 

Figure 8 is an application of repeaters to the same example of 
Figure 6 using grease filled compartment type cable designed for PCM 
carrier. It is seen here that two less repeaters are required. 

8.4 Grease Filled Polyethylene Insulated Conductor Cable - To keep 

moisture out of cables, all the voids between conductors are filled 
with a special grease-like material to form a filling compound. A 
characteristic of this type cable is that for .083 p^F/mile mutual capa- 
citance between conductors, the attenuation at the higher carrier frequen- 
cies is less thaq for air filled. This can be noted by comparing the 
attenuation values for grease filled and air filled cables in Figure 5. 
Therefore, if a cable is provided with special shielding which divides 
the cable pairs into two shielded compartments to improve the near-end 
crosstalk isolation and if the cable is also grease filled which protects 
the cable from water permeation and as a bonus has less loss at 772 kHz 
frequencies, this type facility becomes an ideal facility for PCM carrier® 
This type cable facility is recommended for PCM carrier where new outside 
plant is provided for the PCM carrier equipment. 
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T I CARRIER 

Dl CHANNEL BANK FORMAT 



SISNALING BIT 

Each voice sample is encoded into a 7 bit word which makes it possible to 
encode 127 different voltage amplitudes. Signaling information is trans- 
mitted via an additional bit. When all 24 channels have been sampled, a 
framing bit is added. The total bit stream has to be 1,544,000 bits/ sec 
(193 bits/ frame X 8000 frames/ sec). 

Two signaling paths on the Dl are accomplished by two methods: 

DlA - Bits 1 and 8 during signaling 

or DIB - On the first frame bit 1 is one path and on the second frame 

bit 1 is the second path. On the third and fourth frames bit 1 
is blank and the sequence starts over again on frames 5 and 6, etc. 


D2 CHANNEL BANK FORMAT 


CHANNEL! 


ONE 193 BIT/ FRAME 
2 2 CH ANN ELS 


dd:d:d:d. 

I 2 3 4 5 6 7 8V 

'FRAMING BIT ) 


CHANNEL SIGNAL^ 

BIT EVERY GTH. FRAME 


— CHANNEL 24 

:dd:d: 


12 3 4 5 6 7 81 

CHANNEL SIGNAL ^ 
BIT EVERY 6TH. FRAME 


Each sample is encoded into an 8 bit word providing for up to 255 different 
signal levels. Signaling is accomplished by using the eighth bit for sig- 
naling every sixth frame. The total bit rate is the same as for the Dl 
channel bank, 1,544,000 bits/second. 


Two signaling paths on the D2/D3 are acconqjlished by alternate use of 
bit 8 every sixth frame, first by one path, then the second path. 


FIGURE I 



T I CARRIER 

36 CHANNEL BANK FORMAT 


257 BITS/PRAME » 

CHANNEL!- — -^CNANNELS4^ CHANNEL 36 4^CHANNeL37-« 

DIDIDIIIDIID 


□DZIIDD 

12 3 4 5 6 7 


12345671 2345 


Each voice channel is encoded into a 7 bit word providing for up to 
12 7 different voltage amplitude encodings, channel 3 7 is a 5 bit 
channel, total is 257 bits/frame. There are 8000 frames scanned each 
second, therefore, the total bit stream is 2,056,000 bits/second 
(257 bits/ frame X 8000 frame/ second) • 


After the voice signals are encoded into the above format and before 
placing the signal on the outside plant, a 4/3 code conversion takes 
place to reduce the bit stream from 2,056,000 bits/second to 1,542,000 
bits/ second so that the regular T-1 span ‘line can be used* The trans- 
formation from a binary to a ternary code is done according to the 
following chart: 


Use Pos* Mode when sum of 
previous digits negative 

Use Neg. Mode when sum of 
previous digits zero or 
positive 


BtNARY INPUT TO ENCODER 



Binary 

Ternary 

Output 

Positive Mode 

Negative Mode 

0111 

— f+ 

+ 

0110 

00+ 

00- 

0101 

0+0 

0-0 

0100 

0-H- 

0— 

0011 



0010 

-0+ 

-0+ 

0001 

-+0 

-+0 

0000 

0-+ 

0-+ 

1000 

0+- 

0+- 

1001 

+-0 

+-0 

1010 

+0- 

+0- 

1011 

+00 

-00 

1100 

+0+ 

-0- 

1101 

++0 

—0 

1110 

++- 

— + 

1111 

+++ 

— 
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NEAR END CROSSTALK COUPLING LOSS AT 772 KHZ 

FOR 

CONVENTIONAL POLYETHYLENE INSULATED CABLES 


16ga 19ga 22ga 24ga 26ga 
m-s'*' m-8 m-s m-s m-s 

Cable Size or Make Up of Groups dB dB dB dB dB 

6 pairs or pairs in same 8- or 9 -pair unit 54 55 57 58 59 

12 pairs or pairs in same 12- or 13 -pair unit 56 57 59 60 61 

18-25 pair or pairs in same 18-25 pair unit 60 61 63 64 65 

Larger sizes with pairs in adjacent 8- or 

9- or 12- or 13 -pair units 65 66 68 69 70 

" Pairs in nonadjacent 8- or 

9-, 12- or 13, or 25-pair units 81 82 84 85 86 

3 

" Pairs in adjacent 25-pair groups 

(made up of 8 + 8 + 9 pair units) 66 67 69 70 71 

NOTES : 

1. m-s * MEAN minus one STANDARD DEVIATION of the mean value 

2. In picking value of m-s consideration is given to pair assignments 
within a cable for each direction of transmission. Pick pairs in 
different groups if more than one group is available. If cable make 
up is unknown, use worse case condition. 

3. Use this value if more than one unit is used for either direction 
of PCM transmission. 


FIGURE 3 



NUMBER OF SYSTEMS "N 


CHART FOR DETERMINING 
MAXIMUM SECTION LOSS IN db 
FOR ONE CABLE OPERATION 



MAXIMUM SECTION LOSS AT HIGHEST OPERATING TEMPERATURE— DB 


FIGURE 4 

(COURTESY OF VICOM CORR ) 


CABLE ATTENUATI(»l DATA AT 772 KHZ 


Cable 

Type 

Cap. 

Loss @ 55°F^ 

Loss @ 100 F 

Loss ® 140”F 

Gauge 

Insulation 

M>F/ml . 

dB/KF 

dB/KF 

dB/KF 

19 

PIC 

.066 

2.78 

2.92 

3.05 

19 

PIC 

.083 

3.18 

3.32 

3.43 

19 

PIC/GF 

.083 

2.94 

3.09 

3.23 

22 

PIC 

.083 

4.39 

4.58 

4.75 

22 

PIC/GF 

.083 

3.99 

4.19 

4.38 

24 

PIC 

.083 

5.58 

5.72 

5.87 

24 

PIC/GF 

.083 

4.92 

5.17 

5.40 

26 

PIC 

.083 

7.48 

7.65 

7.82 


PIC « Polyethylene Insulated Cable 
GF > Grease Filled 


NOTE ; 

1. Shown for reference only. Not used in actual calculations. 


FIGURE 5 



CONVENTIONAL TYPE CABLE 
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APPENDIX I 


SOME CONSIDERATIONS IN LAYING OUT 
INTERROGATION AND REMOTE SPAN LOOPING SYSTEMS 


1. INTERROGATION SYSTEM 

U1 The Basic Interrogation System * To facilitate trouble shooting and 
checking of the PCM carrier span lines, a repeater interrogation 
system can be incorporated into each span line. Normally, each repeater 
case is equipped with a narrow bandpass audio filter — an interrogation 
filter* The output of the filter is bridged across the span interrogation 
pair* All of the repeaters in the cabinet have their interrogation winding 
of the regenerator output transformer connected in parallel to the input 
of the interrogation filter* 

There are 12 codes of interrogation filters in the T1 system, thus, 
up to 12 repeater locations may be tied to one interrogation pair. Each 
filter differs only in the audio frequency which it will pass* With the 
basic filters, the transmit direction of the line is interrogated, making 
it necessary to provide means of interrogation at both end offices. 

The procedure in fault location is to excite the faulty span line 
with a signal from a pattern generator and look for audio frequency 
return signals on the fault location pair. The pattern generator audio 
frequency is adjusted to agree with the repeater interrogation filter 
frequency of the nearest repeater and varied to correspond with each 
repeater down the line working toward the far end. The filters pass the 
audio signal to the fault locating pair and it is returned via the inter* 
rogation pair where it is measured. Failure to receive the audio tone of 
the test in progress would localize the problem to a repeater and its 
connecting pair. A merit test can also be conducted. By increasing the 
pulse density of the pattern signal, the audio tone amplitude should 
increase provided the PCM repeaters faithfully regenerate all pulses. 

A marginal repeater will make errors altering the amplitude. 

1.2 The Problem of Interrogation Over a Long Span Line of More than 
12 Repeaters . In the T1 span, twelve interrogation frequency 
filters are used in the system, the lowest frequency being 832 Hz and 
the highest 3017 Hz. Also, the level out of the interrogation filter 
into the cable pair at each repeater varies with the frequency* The 
lowest output has a range of about 21 to 28 dBm at 832 Hz while the 
highest level output has a range of about 38 to 45 dBm at 3017 Hz 
depending on the manufacturer. The sensitivity of the detector of the 
interrogation test set is 0 dBm. 

With the above outputs and detector sensitivity, the loss limits 
range from 21 dB or 28 dB at 832 Hz to 38 dB or 45 dB at 3017 Hz for 12 
interrogation frequencies or 12 repeater iocations* There may be occasion 
to go further than 12/repeaters in which case it is possible to interrogate 
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12 more repeaters using the same frequencies; however, the return path 
back to the central office would have to be on another cable pair. It 
is with the second group of 12 filters that the distance limit is explored. 

In addition to the loss limit for the various frequencies, noise on 
the interrogation pair is probably of more concern since it is unpredictable. 
The noise limit in dBrnc.on the cable pair can be as much as 15 dB higher 
than the minimum receive frequency tone level. For example, it is stated 
above that the sensitivity of the interrogation detector is 0 dBm. This 
means that noise on the pair could be as much as 15 dBmc, measured across 
tip and ring, noise metallic. 

The application engineer in laying out the repeater application will 
assign the lower frequency interrogation filters to the housing nearest the 
interrogation point and the higher frequency filters to the more distant 
locations . 

To explore the outer limits, assume 24 interrogation filters are to 
be employed using two interrogation pairs. Figure 9. This nimiber will 
seldom be exceeded due to the limitation of feeding power to numerous 
repeaters from a power point. (An intermediate power supply point and 
interrogation point would most likely be established on the longer 
applications of PC3M carrier.) 

West East 



Assume 22 gauge cable 

24 repeaters x 6 kf nominal spacing > 144 kf or 27 miles 


Calculation of voice frequency non-rep entered loss: 
Loss at 832 Hz, 1)66 loaded 

« 144 kf X .149 dB/kf - 21.4 dB 
Loss at 3017 Hz, D66 loaded 

« 144 kf X .178 dB/kf - 25.6 dB 

FIGURE 9 
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NOTE : For the above example^ the pattern generator and detector as shown 
can only check the repeaters in the west to east direction* To check the 
repeaters in the east to west direction, the pattern generator and detector 
have to be located at the east terminal and the 900 Cl terminations placed 
at the west terminal* As shown above, the VF tones from the first 12 
repeaters come back to the detector on interrogation pair No* 1* The 
detector has to be moved to Interrogation pair No. 2 to check the second 
set of 12 repeaters* 

From this calculation it is seen that the limit is just about 24 
repeaters on 22 gauge cable using nominal 6 Kf spacing as 21 dB loss at 
the lower frequency is the limit. (If the manufacturer's repeater and 
interrogation filter level is 28 dBm, the upper range discussed above, 
then the maximum limit could be as much as 28 dB.) Certainly at this 
long distance (27 miles or more) noise on the pair is probably the more 
limiting factor than loss. 

Some manufacturer’s instructions go into great detail on how to 
calculate the loss for the various frequency tones including noise 
measurements on the pair to assure that the above limits are not exceeded. 
This should be done on the longer applications. 

1.3 The following recommendations are made in designing an Interrogation 

system: 

a* Load the interrogation pair beyond four repeater spans. 

b. On the longer distance applications, beyond 12 repeaters, it 
may be necessary to use VF repeaters on the interrogation pair. One 
way amplifiers should be used. In the above example Figure 9, the 
location of the amplifiers are shown. Available gain from a one-way 
amplifier can be as much as 30 dB. 

c. Some manufacturers, to overcome the problem of having to power 
repeaters in the field, have designed an optional interrogation filter 
which includes an amplifier with 20 dB gain or with all outputs normalized 
to give the same output for each filter. This is probably the simplest 
solution should noise or high loss or both problems exist. 

d. At time of acceptance of a new installation, the tests should 
include proper operation of the interrogation system. A record should be 
made of the levels recorded from each repeater in accordance with the 
manufacturer’s recommended test procedures when the system is operating 
properly. This will establish a benchmark when it is necessary to inter- 
rogate the repeaters during failure when it will be necessary to interpret 
data under fault conditions. It is also desirable that a routine test 
program be followed in order to maintain operator proficiency in using 
this maintenance feature. 

1.4 From field experience, and by calculation, it is highly desirable 

to terminate the interrogation pair if it is loaded. The object 
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in terminating the line is to avoid high loss because of resonance ^ 
condition at one or more of the interrogation frequencies® (Bridging 
the filters along the line has a similar effect to bridging telephone 
subscribers between loading points®) The termination should consist of 
900 or 1000 ohms plus a capacitor (for dc blocking) of 0®5 to 2 nsFd® 

The termination should be at both ends of each interrogation pair at 
the jackfield so that the near end termination is removed when the test 
set is plugged In* Terminations should not be on jackfields at inter- 
mediate points where the interrogation pair continues through the office® 

2® REMOTE SPAN LOOPING 

2®1 The arrangement of Figure 9 requires testing from both ends of the 

span line to interrogate repeaters in both directions of transmission® 
It would be desirable to be able to interrogate all the repeaters from one 
location. This can be accomplished by using a remote looping unit at one 
or both ends of the spans as shown in the following diagram® 


Remote 



The remote looping unit is automatically activated by the "errors” 
introduced by the pattern generator so that by switching the detector 
from interrogation pair 1 to pair 2 the repeaters in the opposite direction 
of transmission are interrogated. 

2.2 Note that in Figure 10 it takes two cable pairs for the interrogation. 

(It would only take one cable pair if the interrogation were performed 
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from both ends of the span line.) If Figure 10 was to extend over 24 
x^epeaters like Figure 9, it would require four interrogation pairs. 

2.3 Equipment is available that reduces the niimber of cable pairs 
required for interrogation and provides gain for interrogation 
cable pairs that are very long in distance. Interrogation filters can 
be procured that contain a 20 dB audio frequency amplifier as part of 
the filter unit that requires positive or^ negative voltage to power the 
amplifier. This doubles the number of filters from 12 to 24 that can 
be bridged onto one interrogation pair. By applying negative voltage 
on one side of the interrogation pair, one group of 12 filters becomes 
operative. By reversing polarity on the interrogation pair, the second 
group of 12 amplifiers and filters becomes operative. The configuration 
of Figure 9 for 24 repeaters using this equipment is shown in Figure 11. 



FIGURE 11 


NOTE: The above example provides for remote span looping. With 
ITTIngement, 24 repeater locations are interrogated from one teminal 
location utilizing two interrogation pairs. Note that in this example 
the repeater located at the terminal (the office repeater) is not 
connected to interrogation filter as discussed in 2.4. 

The proper polarity voltage applied to each interrogation pair is 
done through an especially designed interrogation panel unit that 
provides the flexibility of patching the required polarity voltage to 
the proper pair and also access to the span line and interrogat on 
cable pairs with the pattern generator and tone detector. 

2.4 Note that in Figure 11. no repeater interrogation is sho^ for 
the office mounted repeaters as is shown in Figure 10. in tne 
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4®4 With respect to span line equipment, all T1 span line facilities 
are the same for either the Dl, D2 or D3 channel bank terminals 
of trunk carrier systems « It should be noted, however, that automatic 
span line switching systems discussed in 7«5 may not necessarily be end 
to end compatible as provided by various manufacturers® 

4.5 REA has in effect a PE-60 Specification for Wire Line Trunk Carrier 
Equipment. All equipment placed on the REA List of Materials has. 

to meet performance standards outlined in this specification regardless 
of whether it is of the Dl, D2 or D3 type. 

4.6 Data Transmission Channel Banks 


4.61 An advantage of a telephone company using PCM carrier equipment 
in its plant is that data channel terminal banks can be operated 

over T1 span line facilities and provide for transmitting data ranging 
from slow speed to speeds as high as 512 kilobits/ second. This equip- 
ment is available and can be used between two points connected by a T1 
span line or several span lines interconnected. 

4.62 Several types of Data Banks are available providing for slow 
speed data channels (teleprinters), medium speed (2,400-64,000 

bit/ second), arid wideband data (up to 512,000 bits/ second) . 

One type of equipment provides for either data or voice channel 
combinations from the same terminal. That is, data channels can be 
substituted for voice channels and both data and voice can be sent from 
the same terminal bank. An example of such an arrangement is one where 
12 voice channels and one data channel at a speed of 256 kilobit/ second 
can be transmitted over one system simultanebusly . 

Another type is strictly wideband data modems providing for 64, 
256 or 512 kilobit/ second data channels. A terminal could be arranged 
to contain, for example, 8-64 kilobit/ second or 2 - 256 kilobit/second 
or 1 - 512 kilobit/second channels. 

4.63 Another important advantage of using PCM for data is that it is 
unnecessary to convert computer or data outputs from digital 

(mark and space outputs) to analog tones for transmission within the 
voice frequency spectrum of the telephone network. Simple interface 
equipment is available for direct connection to the PCM data channel. 
This eliminates the need for data modems. As indicated above, this can 
only be done between two PGM terminals and cannot be used for intercon- 
nection to the switched telephone network. The present telephone 
switched network can only accommodate analog data at this time. In the 
future, there will exist a switched digital network at which time 
digital lines will be connected to each other without necessity for 
digital-analog interfaces. 
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APPENDIX II 


ONE CABLE, TWO GABLE OR CC»IPARTMENT TYPE GABLE FOR PCM CARRIER 


1. GENERAL 

The design frequency for wire line application engineering is 772 kHz. 

If the frequency spectrum of the 1,544,000 bit/second digital bit stre^ 
of bipolar pulses is analyzed, most of the energy content is around 772 kHz. 
Another simplified way of looking at it is to view the bipolar pulses as 
plus and mxnus square wave pulses (2 bits) which is in effect an a temat ng 
current signal at a frequency of 772 kHz or one half the 1,544 kHz bit rate 
of the PCM digital bit stream. 

1.1 Cable Pair Coupling at 772 kHz ; Cable pair coupling, commonly 
referred to as "crosstalk" coupling, is of primary concern in 
engineering PCM systems. In digital systems where a stream of bipolar 
bits interfere with another due to cable pair coupling, the interference 
induces errors in the disturbed system and can be heard as clicks or noise 
in the disturbed channels. The near end coupling loss among cable pairs 
at repeater points is of concern. Near end and far end coupling can bes 
be described by Figure 12 of a repeater string of two PCM systems which 
are operat:ing in one cable sheath. 



In this example the repeaters are spaced at a loss of 31 dB at 
772 IchL r.r end LnpUng Is «£ no concern bec.us. for a tTpinnl 
III far end .^..1 UvSl coupling loss might ba on the ^ 

T^alr 1 to pair 3 at 772 kHz over a repeater section. At repeater p 
there is 63 dB of isolation between systems A and B. An ^unt of 

isolation of 63 dB is more than ample for a PCM regenerative 
isolation roncem in PCM systems. At repeater point X, tor 

Se l! the high level output of system A'e repeater coupling 
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over into the input of the repeater of system A (in the opposite direction) 
and system B's repeater. A typical value of near end coupling loss found 
in cable plant at 772 kHz might be as low as 5 7 dB for adjacent pairs. The 
reason near end coupling is more critical is that the receive level from 
east to west is down 31 dB at repeater point X. The coupling level from 
system A into the two repeaters from east to west (in both systems) is 
down by the near end coupling loss of 57 dB but this only affords a 
signal to interfering margin of 26 dB (57 dB - 31 dB assuming the output 
levels of all repeaters are the same). A margin of 26 dB is getting close 
to the point where it could interfere with the desired signal. 

Two Ca ble or Compartment Type Cable . If two cables were used where 

all the repeaters in one direction are in one cable and the repeaters 
for the opposite direction in another cable, there would be complete 
isolation by direction of transmission and the near end coupling loss would 
no longer be critical. Since the only concern would be far end coupling 
loss and it is of sufficiently large magnitude to be of no concern, then 
the repeaters could be spaced at the maximum interval without any consider- 
ation for coupling. If two cables are available for PCM carrier, this is 
the preferred arrangement. Unfortunately, however, in small rural telephone 
systems, only one cable is usually available for both directions of trans- 
mission. Also, in rural systems it may only be necessary to provide for 
1 or 2 systems on a small size cable such as 12 pair. 


There are compartment type cables especially designed for PCM carrier 
transmission. These cables have improved near end coupling loss to elimi- 
nate the need for shorter repeater spacing. These cables cost more but 
may be more economical to use than- one cable with repeaters spaced closer 
together. Appendix III discusses compartment type cables. Before pro- 
ceeding too far in the application engineering of PCM carrier systems, 
a decision has to be made if the equipment will be operated over one cable, 
two cables or if compartment cables should be used. An engineering cost 
study is helpful in arriving at a decision. 

Otie Cable Operat ion Repeater Spacing . PCM carrier systems can be 

operated in small sized cables such as 12, 18 and 25 pair sizes 
provided the repeaters are spaced close together in accordance with 
established rules. In this discussion, the smaller sized cables are 
considered. Information is available in the supplier's application 
manuals on how to apply PCM carrier to larger size cables where the 
directions of transmission can be effectively isolated from near end 
coupling by placing the repeaters on pairs in different binder groups 
or layers for the opposite direction of transmission. The factors of 
near end coupling loss and ultimate number of systems to operate in one 
cable have to be considered in detennining the repeater spacing. In 
all application engineering manuals for PCM systems the following formula 
is used to determine the spacing: 
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s (m->8 “32 “10 log n) ^ 
a Temperature Factor 

= Repeater section loss in dB at highest operating temperature 
n. « Mean near end coupling loss in dB 
8 s= Standard deviation of **m** 
n s Number of PCM systems in the cable 

The terms "m** and are described for a better understanding. 
The near end coupling properties of wire pairs in cable are determined 
by measuring the coupling loss of all pair combinations* This can be a 
lot of measurements — for 12 pairs, 66 combinations j 18 pairs, 153 
combinations; 25 pairs, 300 combinations, etc* In this discussion, 
cables of 25 pairs and smaller are considered as one group. The mean 
(arithmetic average) near end crosstalk coupling of all the individual 
combinations is the value ”m”. The standard deviation of this distri- 
bution is calculated by standard statistical methods. One standard 
deviation, (sigma), is that range from the mean value of a **normal*^ 

distribution which encompasses 34 percent of the observations of the 
statistical sample* It is a standard statistical tool for defining a 
variance from a mean value* Therefore, if one standard deviation ”s*’ 
is subtracted from the mean value (m-s) this means that 16 percent of 
the pair combinations have lower (poorer) near end coupling values than 
the m-s value. 



It would be unlikely that cable pairs from reel after reel of 
cable would be picked within the 1^ percent of the pairs which have 
poorer near end coupling loss than the m-s value. Even at that there 
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is a safety factor provided for in the number values of the above formula. 
Near end crosstalk data shown in Figure 3 is used by carrier application 
engineers to obtain values of m-a for various types of cables, gauges and 
configurations • 

1.31 The following example is used to analyze this formula: 

It is planned to place three PCM systems in one 25 pair 22 gauge 
plastic cable. 

_ 1 _ 

Forgetting the Ft factor of the formula since charts and tables 
are readily available for temperature correction, the repeater spacing 
is : 


L , = m-s -32 -10 log n 

U 

m«s ss 63 dB from Figure 3 
n ~ 3 

« 63 -32 -10 log 3 
a 

= 63 -32 -4.77 

= 26.2 dB 

As can be seen by this formula, the factor ”10 log n” considers 
the number of systems transmitting interference into the disturbed 
receiver and in this example the spacing is reduced 4.77 dB because of 
the three systems operating together in the same cable. 

1.4 In 1968, REA with the cooperation of several cable manufacturers, 
measured near end coupling losses of small size cables as shown 
in Figure 14 to verify if REA specification cable possessed the near end 
coupling loss for 6, 12, 18 and 25 pair cables as stated in carrier manu- 
facturer’s application manuals. REA cables met these requirements and, 
therefore, the data in Figure 3 also applies to REA specification cables. 
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MEASUREMENT DATA OF NEAR END COUPLING LOSS 

FOR 66 REELS OF REA SPECIFICATION CABLES 
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APPENDIX III 


COMPARTMENT TYPE CABLE FOR PCM CARRIER 


1. GENERAL 

An improvement in the near end coupling losses of paired cables has 
been achieved by the use of a special shielding technique which divides 
the pairs within the cable sheath into two compartments. What is 
significant is that the increased cost is only in the order of ten 
percent for which the reduction of near end coupling loss means 
repeaters. Figure 15 shows the improvement in the m-s value crosstalk 
coupling loss of one type of compartmented cable now commonly used. 

1.1 The following example shows that crosstalk loss, for all practical, 
purposes, has been eliminated as a factor in determining repeater 

spacing : 

It is considered placing three PCM systems in our 25 pair, com- 
partment type cables, the same example as in Appendix II. 

L, = m-s -32 -10 log n 
o 

m-s = 80 dB from Figure 15 
n = 3 

L^ = 80 -32 -4.77 
d 

L^ = 43.2 dB 
d 

A spacing of 43.2 dB exceeds the maximum spacing capability of 
PCM repeaters (33.5 dB) so it is seen that near end crosstalk is no 
longer controlling. 

1.2 With compartment type cable it is possible to make 100 percent 
use of cable pairs for PCM carrier. The following example illu- 
strates this for a 25 pair compartment type cable. Probably no more 
than 10 systems including spare span lines (20 pair) would ever be 
installed in a 25 pair cable leaving a few pairs for interrogation, 
order wires, etc. 

L, = m-s -32 -10 log n 

d 

m-s = 80 from Figure 15 

n =10 systems 

L, = 80 -32 -10 log 10 
d 

= 80 -32 -10 
= 38 dB 

A spacing of 38 dB still exceeds the maximum spacing capability of 
PCM repeaters (33.5 dB). Near end crosstalk coupling limitation is not 
controlling. 
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1.3 In Appendix II, the terms m-s, mean minus one standard deviation 

coupling loss, are discussed. To show an example of this discussion 
and to reveal the benefits of the compartment type cables, reference is 
made to Figure 16. This is a display of the near end coupling losses of 
an 18 pair compartment cable for PCM carrier of the type shown in Figure 7. 
All 153 pair combinations are shown. The "X" readings are the near end 
coupling losses of the pair combinations within each compartment. The '*0" 
readings are the near end coupling losses of the pair combinations from one 
compartment to the other. The advantage of the shielding effect from one 
compartment to the other is clearly noted. Note the two distinct groupings 
outlined by the dotted line. The data of each grouping is analyzed and the 
m-s, "mean minus one standard deviation," confutation is made as follows: 

X = arithmetic mean of "n" observations, each pair combination near 
end crosstalk reading 

8 >s standard deviation = ^ 

Where X^ = sum of the squares of each individual value of X 

N = 81 readings (the pair combinations of pairs 1 through 
9 into pairs 10 through 18 which are divided by a 
shield into two groups). 

The m-s value for the shielded pair combinations computes to 79.1 dB. 
The m-s value for the non-shielded pair combination confutes to 58.7 dB. 


in dB is on e value of X. 

^ 72 

N ■ 




Near End "M-S" Loss 

of Core Separated Cable for PGM Carrier 







NEAR END COUPLING LOSS 772 KHz IN db 


